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RÉSUMÉ 
L'estimation de la pollution diffuse est importante en ce qui concerne la gestion urbaine de la qualité 
de l'eau. Cependant, elle reste difficile à quantifier et varie considérablement du fait des changements 
incessants dans l'utilisation des sols en zones urbaines. Une des méthodes envisageables pour 
estimer la pollution diffuse est d’établir un lien avec l'utilisation des sols. Cet article explique la 
méthode utilisée pour estimer la charge annuelle de pollution diffuse dans un bassin versant urbain du 
Territoire Capital National de Delhi (Inde). L'étude a pris en considération la configuration d'utilisation 
des sols en 2006 et a mesuré la charge diffuse de pollution pendant cette période. La concentration 
moyenne événementielle (EMC) provenant d’échantillons d'eau de ruissellement provenant de deux 
types de sols (à usage urbain (résidentiel et industriel) et à usage agricole) a été mesurée. De nos 
jours, plus de 50% des sols du Territoire Capital National de Delhi sont imperméables. La 
concentration dans les eaux de ruissellement pluvial selon les différents paramètres de qualité de 
l'eau a été évaluée et les conséquences selon l'utilisation des sols ont été analysées. Les résultats 
montrent que les concentrations moyennes en azote et ses composés, en phosphates et DBO sont 
élevées dans les sites agricoles. D'autre part, l'écoulement provenant des zones résidentielles révèle 
une quantité élevée de DBO, DCO et de dureté. L'écoulement provenant du secteur industriel 
démontre la présence de phosphates, ATK et SST. Les résultats de l'étude ont été réalisés sur des 
valeurs théoriques prévues qui démontrent la fiabilité de la méthodologie. Un lien important entre la 
qualité des eaux de ruissellement pluvial et l’utilisation des sols a été établi. 
ABSTRACT 
Assessment of diffuse pollution is important in urban water quality management plan. However, this is 
difficult to quantify and varies rapidly with fast changing land-use of an urban area. One of the ways to 
estimate diffuse pollution is by establishing correlation with the land-use itself. This paper 
demonstrates the method of estimating the annual load for diffuse pollution in an urban catchment of 
national capital territory (NCT), India. The study has considered the land-use pattern of 2006 and 
quantified the diffuse pollution load. It uses event mean concentration (EMC) of rainfall runoff samples 
collected from two different land-use type namely urban (domestic and industrial) and agriculture. 
Today more than 50% of land in NCT is impervious. Rainfall runoff concentrations for different water 
quality parameters have been characterized and the effects of land-use are analyzed. The results 
show that average concentrations of the nitrogen and its compounds, phosphate and BOD are high at 
agriculture sites. On the other hand, the runoff from the domestic sectors has high amount of BOD, 
COD and hardness. Runoff from industrial sector has phosphates, TKN and TSS. The results of the 
study have been on the expected theoretical values that demonstrate the reliability of the 
methodology. Momentous relationship between storm water runoff quality and the land-use pattern 
has been established.   
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Watershed management for any city requires the estimation of both point and non-point sources of 
water pollution. An effective land-use planning plays a crucial role in efficient management of water 
resources of any area. Both diffuse and point source pollution is dependent upon the landuse pattern 
of a city. The total amount of runoff generated from an area depends upon the landuse type of that 
area. High impervious area in a city results in more runoff generation thereby allowing more pollutants 
to enter into the surface water bodies directly and indirectly. Similarly the point source pollution of 
water is also dependent upon the landuse pattern of the city.  Densely populated city like National 
Capital Territory (NCT) of India will generate more domestic sewage. Also, urban runoff on percolation 
results in salinization of the groundwater (Ma et al., 2009). The poor quality of surface waters can also 
be attributed to the runoff generated from both dry and wet weather (Wenwei et al., 2003; Taebi and 
Droste, 2004; Petersen et al., 2005; McLeod et al., 2006). Different factors contributing to the quality of 
urban runoff have been studied and it has been concluded that surface water quality is indeed affected 
by urbanization and industrialization (Al-Kharabsheh, 1999; Karn and Harada, 2001; Wang, 2001; 
Marsalek et al., 2002; Kelsey et al., 2004; Jamwal et al., 2008).  
Different types of pollutants are generated from different landuse type. In a city like Delhi, the non-
point pollution generated from the domestic landuse type (residential) are organic in nature therefore 
it’s important to measure the BOD, COD and DO of the urban runoff from a domestic site. Other 
parameters which are generated in storm water runoff from a landuse with both industrial and 
domestic activity are nitrogen and its compounds, phosphates, chlorides, sulphates and solids. The 
storm water runoff from an agriculture landuse type may contain pollutants which are both organic and 
inorganic in nature therefore for the present study the chosen parameters are as follows: pH, BOD, 
COD, DO, TKN, TDS, TSS, Nitrates, Cholrides, Fluorides, Sulphates, Hardness, Ammonia and 
phosphates.  
Hence, analysis of changes in landuse pattern provides vital information for developing strategies for 
water pollution control for an existing old city (Roy et al., 2008). Land use planning means the 
scientific, aesthetic, and orderly disposition of land, resources, facilities and services with a view to 
securing the physical, economic and social efficiency, health and well-being of urban and rural 
communities. For land use planning, first the land use mapping of the existing areas is required.  
The paper presents event mean concentrations (EMC) for the physicochemical characteristics of the 
rainfall runoff generated from three landuse type namely domestic, industrial and agriculture has been 
measured for the rain events occurred in 2006.  Thus, the objective of this study is to identify 
characteristics of contaminants generated from different landuse type during monsoon season. 
2 DESCRIPTION OF STUDY AREA 
The NCT (commonly known as Delhi) (figure 1) is spread over an area of 1,483 km². Delhi has a 
maximum length of 51.9 km and the maximum width of 48.48 km. Delhi is located at 28°61′N, 77°23′E, 
and lies in northern India. It borders the Indian states of Uttar Pradesh on East and Haryana on West, 
North and South. Delhi lies almost entirely in the Gangetic plains. The main sources of the drinking 
water supply to the NCT are river Yamuna and ground water resources. In past 25 years there has 
been a tremendous increase in the built up area of the city. This has lead to mismanagement of water 
resources and has also deteriorated the quality of river Yamuna. The average annual rainfall is 
approximately 714 mm, most of which is during the monsoons which causes the diffuse pollution. The 
escalating population and misuse of water has resulted in generation of huge amount of wastewater 
as point and non-point source entering the river directly or indirectly, thereby deteriorating both quality 
and quantity of water. The river receives pollution from both point and non-point sources. Many 
researchers have quantified point source pollution (Ghosh 1997; Abbasi et al., 2002; Paliwal et al, 
2007). Jamwal et al. (2008) tried to quantify the diffuse pollution from the NCT, but still there is need to 
link it with landuse. It is important to include diffuse pollution in an effective strategy for pollution 
control (Han et al., 2005). In past 30 years, NCT (India) has witnessed a momentous economic growth 
and analogous high rates of urbanization which have changed the urban spatial structure of this mega 
city. As a result there has been a visible increase in population, change in landuse pattern (mixed 
landuse), increase in impervious area and growth of unauthorized settlements in the form of slums, 
unauthorized colonies, clusters, etc. (YAP, 2008a). The urbanization and associated activities has 

















3.1 Rainfall runoff pollution 
To achieve the scope of the study, primary data was collected which includes analysis of samples 
from non-point sources. The rainfall samples were collected from different landuse type. 
3.1.1 Site selection for non-point source of pollution 
To estimate the EMC and characteristics of pollutants vis-à-vis landuse type the runoff samples were 
collected and analyzed for following water quality parameters: pH, BOD, COD, DO, Ammonia, 
Phosphate, Hardness, TKN, TDS, TSS, Chlorides, Nitrates, Sulphates and Fluorides using standard 
methods (APHA). Delhi development authority (DDA) has divided NCT into different zones (table 1). 
The samples were collected from the agriculture runoff (directly entering the river Yamuna) and urban 
runoff from industrial and domestic sectors (entering the storm water drains). 14 samples were 
collected for the domestic urban runoff locations and 8 samples each were collected from two 
industrial and agricultural locations. The rainfall characteristics are given in table 2. One-litre 
representative sample was collected from the centroid of the entire zone. Samples were collected for 
three rain events in a time series (10 min interval) from storm drains at respective sites. The runoff 
flow rates were also measured at the time of sampling. Time critical data measurements and 
laboratory analyses were performed immediately or at most within 8-hours of collection since much 





Table 1: Zonal plan and Sampling locations of NCT (India) 
 
Zone type* Location* Area (ha)* Urban  Sites# Agriculture Site# 
   Domestic Industrial  
A Old City 1159    
B City Extn. (Karol Bagh) 2304    
C Civil Line 3959    
D New Delhi 6855    
E Trans Yamuna 8797    
F South Delhi-I 11958    
G West Delhi-I 11865    
H North West Delhi-I 5677    
J South Delhi-II 15178    




   
L West Delhi-III 22840    
M North West Delhi-II 5073    
N N North West Delhi-III 13975    
O O River Yamuna / River 
Front 
8070    
P P-I Narela 
P-II North Delhi 
9866 
8534 
   
*Secondary data from DDA 
#Primary data sampling sites 




Antecedent dry weather 
period (days) 
Total depth (mm) Rainfall intensity 
(mm/day) 
Urban Landuse Type     
Domestic     
Zone A 27/6/06 1 5.6 52.4 
10/7/06 11 3.5 19.8 
19/7/06 6 1.5 21.2 
Zone B 27/6/06 1 3.4 52.4 
12/7/06 11 2.3 19.8 
27/7/06 6 4.2 21.2 
Zone C 27/6/06 1 1.5 52.4 
12/7/06 11 3.5 19.8 
27/7/06 6 2.1 21.2 
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Zone D 27/6/06 1 6.5 52.4 
12/7/06 11 2.3 19.8 
27/7/06 6 1.0 21.2 
Zone E 27/6/06 1 1.2 52.4 
12/7/06 11 5.4 19.8 
27/7/06 6 3.7 21.2 
Zone F 27/6/06 1 1.5 52.4 
12/7/06 11 3.2 19.8 
27/7/06 6 2.1 21.2 
Zone G 27/6/06 1 1.1 52.4 
12/7/06 11 1.0 19.8 
27/7/06 6 4.3 21.2 
Zone H 27/6/06 1 2.7 52.4 
12/7/06 11 4.6 19.8 
27/7/06 6 3.2 21.2 
Zone J 27/6/06 1 1.9 52.4 
12/7/06 11 2.3 19.8 
27/7/06 6 4.7 21.2 
Zone K 27/6/06 1 1.7 52.4 
12/7/06 11 1.5 19.8 
27/7/06 6 2.3 21.2 
Zone L 27/6/06 1 1.1 52.4 
12/7/06 11 0.9 19.8 
27/7/06 6 2.3 21.2 
Zone M 27/6/06 1 7.8 52.4 
12/7/06 11 1.7 19.8 
27/7/06 6 1.6 21.2 
Zone N 27/6/06 1 1.7 52.4 
12/7/06 11 4.3 19.8 
27/7/06 6 2.7 21.2 
Zone P 27/6/06 1 4.3 52.4 
12/7/06 11 6.5 19.8 
27/7/06 6 1.9 21.2 
Industrial    
Zone B 27/6/06 1 4.8 52.4 
12/7/06 11 3.2 19.8 
27/7/06 6 5.6 21.2 
Zone F 27/6/06 1 2.3 52.4 
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12/7/06 11 1.9 19.8 
27/7/06 6 3.5 21.2 
Agricultural Landuse 
Type 
   
Zone O (1) 27/6/06 1 17.4 52.4 
12/7/06 11 64.1 19.8 
27/7/06 6 56.1 21.2 
Zone O (2) 27/6/06 1 43.2 52.4 
12/7/06 11 15.6 19.8 
27/7/06 6 23.4 21.2 
 
3.1.2 Data Analysis 
A single index known as event mean concentration (EMC) is used to measure runoff constituents. 
EMC is the flow weighted average of constituent concentrations. The EMC for a storm event is defined 

















1  ------ (1) 
Where N is the total number of samples taken during storm event, Qi and Ci are flow rate and pollutant 




4.1 Urbanization and Water  
The urbanization has occurred at very high rate in city, thereby increasing the amount of pollutant load 
in ecosystem. The settlements in the capital can be classified into three categories depending upon 
the level of planning as shown in table 3. In NCT, only 55% of the population is served by the 
sewerage system and rest of the 45% population uses public or private utilities or defecates in open, 
consequently adding to diffuse source of pollution (YAP, 2005). 
 
Table 3 Non-point source pollution from different types of settlements in Delhi 
 




  Potential Duration 
Planned colonies 3.3 Low Wet weather 
Regularized, resettlement colonies and urban 
villages 
4.4 Medium Dry and wet weather 
Rural villages, unauthorized colonies and Juggi 
Jhopri clusters 





4.2 Quality of runoff from Urban (Domestic) sector  
EMC for all the three sectors vis-à-vis agriculture, domestic and industrial is shown in table 4. The 
concentration of BOD ranges from as minimum as 15 mg/l to as high as 265 mg/l and the range for 
COD is 40-307 mg/l. It shows that the runoff from domestic areas is organic in nature thereby adding 
the organic load to the wastewater drains in the city. The main reason for high amount of dissolved 
and suspended solids is the presence of dust and other particles on the impervious roads of the city 
which tends to flow with the rain water and enters the drains. Other pollutants present in the water 
were TKN, chlorides, sulphates, fluorides and nitrates (table 4). All these pollutants are unaccounted 
for treatment and enter the river via wastewater drains. A study done by Jamwal et al., (2008) focusing 
upon the fecal streptococci, fecal coliform, BOD, COD, TKN, TSS and turbidity or the same year 
shows similar results though it does not incorporates the affect of different landuse type on the runoff 
quality. 
 
4.3 Quality of runoff from Urban (Industrial) sector 
The water quality (table 4) for the runoff collected from the industrial site was similar to the domestic 
one. The runoff contains solids in both dissolved and suspended form. It also contains all other 
elements as well. The concentrations of the parameters were almost similar to the one collected from 
the domestic sector. 
 
4.4 Quality of agricultural runoff 
The agricultural runoff mainly contains high amount of nitrogenous compounds, phosphates, 
sulphates, chlorides, fluorides and solids (table 4). It was also observed that the agriculture runoff 
adds more nitrogen (its compounds), phosphates etc to the river directly than the runoff from the urban 
sectors. This could be associated with the use of fertilizers in the agriculture fields. The urban runoff is 
slightly organic in nature containing high concentration of BOD and COD as compared to the 
agriculture runoff (figure 2). 
 
Figure 2: Averages of Runoff Quality (Agriculture and Domestic sector) 
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Table 4: Rainfall Runoff Quality (2006)
Location BOD  COD  DO  Ammonia  Phosphate Hardness TKN TDS  TSS Chlorides Nitrates Sulphates Fluorides  
Domestic 
Zone A 45.00 51.00 5.10 26.54 0.13 19.00 65.43 114.00 106.00 21.99 4.48 73.36 0.35 
Zone B 125.00 189.00 5.09 41.33 0.09 4.50 75.14 54.00 6.00 10.00 1.74 145.00 0.01 
Zone C 155.00 201.00 4.10 59.74 0.08 10.50 54.32 62.00 56.00 7.00 0.73 2.43 0.10 
Zone D 265.00 307.00 4.05 33.45 0.59 33.00 71.12 538.00 524.00 66.98 0.79 154.00 0.69 
Zone E 140.00 256.00 4.98 37.65 0.04 10.50 86.54 98.00 50.00 16.00 1.54 4.24 0.16 
Zone F 120.00 187.00 5.07 21.54 0.11 26.50 78.98 168.00 140.00 23.99 1.55 41.84 0.28 
Zone G 35.00 76.00 6.10 24.56 0.13 66.50 112.34 508.00 220.00 90.97 2.49 164.92 0.36 
Zone H 110.00 199.00 4.70 67.54 0.06 11.00 67.54 58.00 122.00 6.00 0.82 12.73 0.17 
Zone J 15.00 56.00 5.70 7.64 0.21 5.00 77.15 38.00 4.00 4.00 1.67 1.82 0.11 
Zone K 25.00 62.00 5.80 18.87 0.05 17.00 81.01 92.00 46.00 3.00 0.69 1.21 0.20 
Zone L 79.00 124.00 4.76 24.19 0.03 90.00 238.17 40.00 580.00 2.00 5.43 46.13 0.13 
Zone M 20.00 40.00 6.75 96.86 0.11 6.40 84.06 340.00 80.00 2.00 2.34 65.21 0.21 
Zone N 19.00 32.00 6.40 42.79 0.15 47.00 98.07 20.00 140.00 2.00 6.54 9.65 0.14 
Zone P 25.00 57.00 5.89 89.13 0.10 66.00 70.05 80.00 40.00 3.00 0.98 2.33 0.35 
Industrial 
Zone B 76 123.00 4.43 23.32 0.25 78.00 123.56 78.00 321.00 5.00 4.65 25.67 0.09 
Zone F 56 145.00 6.54 34.54 0.54 75.00 107.65 98.00 265.00 7.00 5.43 20.89 0.12 
Agriculture 
Zone O (1) 38.00 60.00 5.78 85.00 0.90 10.56 238.17 120.00 100.00 120.00 17.54 330.57 0.98 




Due to presence of impervious land a huge amount of rainfall runoff is generated from the watershed. 
Water logging problem is quite common in NCT, during monsoon season. Due to poor storm water 
drainage network water gets collected in low lying areas causing temporary flood situation during rain 
events. The runoff enters directly the storm water drainage which ultimately meets the wastewater 
drains falling directly into the river Yamuna. Most of the runoff enters the drains present along the road 
sides. Direct runoff to the river is relatively less and occurs mainly from the agricultural land adjoining 
the bank of the river. The runoff quality generated from the domestic sectors mainly contains high 
amount of BOD, COD and the water is quite hard. Runoff from agricultural land contains high amount 
of BOD, COD, solids, nitrogen and its compounds and other ions which indicates application of 
pesticides and fertilizers. Runoff from industrial sector is hard and contains phosphates, TKN and TSS 
in appreciable amounts. 
There has been a considerable increase in the built up area and huge amount of decrease in the 
green area over past 25 years. The agricultural land has lessened extensively. As a result the 
impervious area within the city has increased. It has been further analyzed that the urban development 
is rapidly taking place in the entire city especially near the bank of the river Yamuna. The sprawling 
capital has deteriorated the physical environment and quality of life by the broadening the gap 
between supply and demand for essential services and infrastructure. All this has put an added 
burden on the quantity as well as quality of both ground and surface water resources of the state. 
Therefore, it has become difficult for the authorities to manage the state of water pollution in the 
capital. The amount of runoff generation increases with an increase in the impervious area. Over the 
years, once could see an increase in the urbanization which has augmented the area under 
impervious class. It has resulted in the escalation of volume of rainfall runoff and domestic sewage 
generated from the NCT (India); thereby amplifying both point source and non-point source pollution to 
the river Yamuna. 
6. RECOMENDATIONS 
In order to minimize the runoff pollutant load from the agriculture present on the bank of the river there 
is a need to develop the buffer strips along both sides of the river Yamuna. This would help in 
minimizing the diffuse pollution load to the river and the water from the buffer strips can be used for 
recreational and irrigation purposes. The pollutant load from runoff in a built-up area can be minimized 
by maintaining a separate drainage system or developing SuDs for the urban runoff throughout the 
watershed which must be treated before it enters into the river. The study can also lend a hand in 
planning and developing the urban drainage systems for the watershed. 
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